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Tuesday, February 10, 2015 351aunknown. In this study we have used atomically detailed molecular dynamics
simulation approaches to uncover the mechanism by which lipid A is trans-
ferred to, interacts with and binds to a hypothesized amino-terminal pocket
in CD14. We modelled the interactions and dynamics of CD14 in the presence
of a range of lipid ligands, including control fatty acid systems, and lipid A in
monomeric and aggregate/micelle forms. These simulations were run in order
to observe the spontaneous ligand binding process, and have subsequently
been extended to establish the thermodynamics of ligand recognition. Our re-
sults emphasise the dynamic nature of the amino-terminal pocket which allows
it to adapt its volume to widely varying ligand size, consistent with the broad
specificity of CD14. We have also identified a possible ligand gating mecha-
nism consistent with available NMR data, and key sites that may be essential
for LPS/lipid A binding which may ultimately be targeted by novel anti-septic
drugs.
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Mutations within the epidermal growth factor receptor (EGFR/erbB1/Her1)
are often associated with carcinogenesis. Specific mutations common in
non-small cell lung cancer (NSCLC), including EGFR-L858R and EGFR-
DL747-P753, lead to ligand-independent phosphorylation, however the molec-
ular mechanism by which these mutations in the EGFR kinase domain confer
constitutive activity remain unknown. Here, using multiple sub-diffraction-
limit imaging modalities, we reveal the altered behavior of NSCLC-
associated EGFR mutants within the plasma membrane_including altered
receptor dimerization, dynamics, and structure_which collectively dysregulate
receptor activity. Using multi-color single particle tracking (SPT) and Hidden
Markov Model analysis, EGFR mutants are shown to form stable dimers in the
absence of ligand and exhibit a slower mobility that is consistent with receptor
signaling. These results were confirmed using two-color, single-molecule
super-resolution microscopy (dSTORM) to visualize the spatial distribution
of receptors. Receptor clustering was quantified by localization-based cross-
correlation analysis to show ligand-induced aggregation of EGFR as well as
ligand-independent aggregation of EGFR mutants. Since the receptor ectodo-
main is known to play a critical role in dimerization, live cell FRET measure-
ments between the EGFR N-terminus and the plasma membrane was used to
quantify changes in ectodomain structure. We found that unliganded EGFR
mutants are more readily found in the extended conformation, similar to the
ligand bound wild type receptor. Therefore, mutation within the kinase domain
biases the structural equilibrium of the extracellular domain toward a dimer-
competent state.
Collectively, these data support a model where oncogenic signaling from
NSCLC-associated EGFR mutants is a result of productive dimerization be-
tween non-ligand bound receptors. Furthermore, because these mutations are
found in the kinase domain, this work introduces the concept that oncogenic
EGFR signaling may be controlled in part by a form of ‘‘inside-out’’ signaling.
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The epidermal growth factor receptor (EGFR/ErbB) family of receptor tyrosine
kinases initiates cell signaling in response to growth factors, thereby regula-
ting cell growth, migration and division. Four members comprise this family
(EGFR/HER1/ErbB1, ErbB2, ErbB3 and ErbB4), and activating mutations
in each protein are associated with severe cancers of the lung, colon, head
and neck.
ErbB proteins consist of an extracellular ligand binding domain, a single trans-
membrane alpha-helix, and an intracellular kinase domain. Structural and func-
tional studies of isolated domains of the EGFR family have revealed details of
the complex mechanism of receptor regulation. Somewhat lacking, however, isour knowledge of the full-length receptor in its native membrane environment.
Ligand binding is known to promote receptor dimerization and activation, but it
is unclear how receptor behavior is altered by the two-dimensional environ-
ment of the plasma membrane. In particular, the mechanism by which receptor
domains cooperate to transmit signals across the membrane is not well
understood.
Toward this end, we employed quantitative FRET microscopy to study dimer-
ization of EGFR family proteins in plasma membrane-derived vesicles. This
method measures FRET efficiency as a function of two-dimensional receptor
concentration in the membrane. We investigated four receptor pairs: homo-
dimers of ErbB1, ErbB2, and ErbB3, as well as heterodimers containing
ErbB2 and ErbB3. We first observe that the isolated transmembrane (TM)
domains have an intrinsic propensity to associate. Next, we demonstrate
that the extracellular domains function to prevent TM domain interactions.
Finally, we show that the intracellular domains alone are sufficient to drive
receptor dimerization in the absence of ligand. Dimerization occurs in a
concentration-dependent manner, and ligand shifts this threshold to low recep-
tor concentration. Importantly, both of these dimerization events occur over a
physiologically relevant concentration range.
Platform: DNA Structure
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DNA in the human Herpes simplex virus type 1 (HSV-1) capsid is packaged
to a tight density. This leads to tens of atmospheres of internal pressure
responsible for the delivery of the herpes genome into the cell nucleus. In
this study we show that despite its liquid crystalline state inside the capsid,
the DNA is fluid-like which facilitates its ejection into the cell nucleus during
infection. We found that the sliding friction between closely packaged DNA
strands, caused by interstrand repulsive interactions, is reduced by the ionic
environment, mimicking that of epithelial cells and neurons susceptible to
herpes infection. However, variations in the ionic conditions corresponding
to neuronal activity can restrict DNA mobility in the capsid, making
it more solid-like. This can inhibit intranuclear DNA release and interfere
with viral replication. In addition, the temperature of the human host
(37C) induces a disordering transition of the encapsidated herpes genome
which reduces interstrand interactions and provides genome mobility required
for infection.
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Over the course of its life cycle, a cell’s DNA undergoes many carefully
orchestrated topological changes, which facilitate vital cellular processes
such as replication and transcription. Consequently, unresolved conforma-
tional defects in the structure can interfere with critical interactions, and
may result in genetic anomalies that culminate in cell death. As a result,
DNA has become the target for numerous anti-cancer treatments which seek
to induce structural changes to inhibit tumor growth [1, 2]. The development
of innovative anti-cancer treatments can be greatly enhanced by high-
throughput low-cost methods to characterize their effects on DNA topology
[3]. In this study, we use Si3N4 solid-state nanopores to investigate changes
in circular DNA topology induced by intercalation of ethidium bromide
(EtBr). Our measurements reveal three distinct current blockade levels and
a six-fold increase in translocation times for EtBr treated circular DNA as
compared to untreated circular DNA. We attribute these increases to changes
in the supercoiled topological state hypothesized to be branched or
looped structures formed in the circular DNA molecule. Further evidence
of the conformational changes is demonstrated by qualitative atomic force
352a Tuesday, February 10, 2015microscopy analysis. We evaluate our experimental data correlating topolog-
ical changes with specific translocation event morphologies using all-atom
Molecular Dynamics simulations. Our results provide new fundamental insight
into characterizing DNA topology, and has important implications for anti-
cancer drug treatment and design.
1. K. Gurova, Future Oncology 5, 1685 (2009).
2. R. Martinez and L. Chacon-Garcia, Current Medicinal Chemistry 12, 127
(2005).
3. R. Palchaudhuri and P. J. Hergenrother, Current Opinions in Biotechnology
18, 497 (2007).
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Telomeres are specialized chromatin structures that protect chromosome ends
from nucleolytic processing by DNA repair machinery. The foundation of
human telomere structure consists of a long array of tandem duplex DNA se-
quences (TTAGGG) and terminates with a single-stranded 3’ end. To protect
the chromosome end, telomeres are thought to adopt a lariat structure known
as a telomere-loop (T-loop)1. T-loops are stabilized by DNA displacement
loops (D-loops) generated by the invasion of a single-stranded telomeric
DNA tail into an adjacent region of duplex telomere. Recent studies suggest
that telomere-associated proteins promote strand invasion during telomeric
D-loop formation through the application of torque to the DNA2. Although
the molecular mechanism of T-loop formation has been described using
biochemical approaches, the torque response and internal structural equilibrium
of duplex telomeric DNA are not well characterized. To probe the mechanical
properties of duplex telomeric DNA, we developed a magnetic tweezers assay
to detect the response of single telomeric DNA molecules to precisely applied
degrees of tension and torque. Rotation-extension curves under varying tension
demonstrate that the repetitive telomere DNA sequence is more refractory to
torque-induced denaturation than a non-telomeric control molecule of compa-
rable GC content. In addition, force-extension analysis of negatively super-
coiled telomeric DNA in the presence of different counter-ions (Kþ vs. Liþ),
reveals that transient torque-induced denaturation of duplex telomeric DNA
promotes a structural transition into stable DNA G-quadruplexes. Lastly, using
a single molecule DNA topology-based assay, we directly monitor the torque-
dependent invasion of single stranded telomere DNA primers into duplex telo-
meric DNA tethers. Our results provide insight into the molecular mechanisms
of telomere-associated proteins and enzymes during structural remodeling of
telomeres.
1. Griffith JD, et al. Cell 97: 503-514.
2. Amiard S, et al. Nat Struct Mol Biol 14:147-154.
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Small molecules (osmolytes) are known to either stabilize or destabilize pro-
teins/nucleotides depending on the concentrations and/or solvent conditions.
The presence of different molecules and ions in the surrounding medium affects
the stability of DNA in solution. In this work, we have developed a High-
Throughput method for quantifying the energetic impact of addition of various
osmolytes on short DNA duplexes. Six 19-base pair, non-self-complementary
duplex DNA oligomers along with a 16-base pair control duplex DNA, having
varied GC-content (ranging from 16% to 79%), nearest neighbors and end
sequences were used. We sampled thirteen different osmolytes that are com-
mon in humans and throughout nature by covering different chemical classes
including, sugars, polyols, amino acids, and methylamines. Varying concentra-
tions of these osmolytes (from 0.5 M up to 3.0 M) were examined for their
effects on these duplexes. Experiments were performed in 384-well plates
that were prepared using a robotic device, which was calibrated for the correct
dispense volume for different components of the plate. Temperature-induced
melting transitions monitored by fluorescence were measured for these
duplexes and the Tm values along with the m-values and melting transition
enthalpies were determined. Conventional approaches, including Circular
Dichroism (CD) were used to verify the thermodynamic parameters. Osmolytes
had varied effects on DNA stability, and the (de)stabilizing effect does not
necessarily correlate with their effects on proteins. The m-values can drastically
depend on the GC-content.1768-Plat
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Transposable elements are mobile genetic elements that are capable of self-
catalyzed excision or copying from their host’s genome, followed by integra-
tion back into another location within the genome. Transposable elements
increase in number over time as a result of this activity, and as a consequence
can make up a substantial portion of the host’s genome as ‘‘junk DNA’’; both
active and dormant transposable elements make up at least 45% of the human
genome, and up to 85% of the maize genome. Additionally, the unpredictable
reintegration of transposable elements into coding or control regions of the
host’s genome can have dramatic effects on gene expression, and, as a result
of this inherently mutagenic nature, transposable elements are thought to be
a major source of genome plasticity driving evolution and are implicated as
the direct causative agents of many human diseases, including hemophilia,
porphyria, severe combined immunodeficiency, muscular dystrophy, and breast
and colon cancers.
Despite their ubiquity and potential importance, very little is currently known
about the dynamics of transposon propagation through genomes, and their
contribution to evolution is inferred from comparative analyses of the genome
sequences of related organisms. In this talk I will describe methods developed
by my lab employing fluorescent microscopy, microfluidic, and molecular
biology techniques to allow the direct visualization of transposable element
activity in single cells and in real time. The proposed experimental system is
extensible to all types of transposable elements and all cell types, from bacteria
to human.
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In its physiological environment DNA is constantly exposed to mechanical
stress. The nanomechanical properties of DNA influence not only its response
to stress but also its interaction with proteins. Despite its crucial role in epige-
netics, little is known about how methylation affects the nanomechanical
properties of DNA. To investigate the impact of methylation on DNA
nanomechanics, here we manipulated single molecules of chemically or enzy-
matically methylated DNA and compared their properties with those of non-
methylated DNA. As a model we used a 3312-base-pair long sequence of
lambda-phage DNA that met the criteria of a CpG island. Chemically methyl-
ated DNA was prepared with PCR containing 5-methyl-CTP in the reaction
mixture. For enzymatic methylation the M.Sss.I methyltransferase was used.
Single DNA molecules were mechanically manipulated with force-measuring
optical tweezers in repeated stretch-relaxation cycles. Surface-adsorbed DNA
molecules were studied by using atomic force microscopy (AFM). We found
that the molecular contour length, bending rigidity and intrinsic stiffness
were decreased in methylated DNA, pointing at structural and nanomechanical
alterations. Furthermore, the cooperative overstretch transition was signifi-
cantly longer in the methylated form of the molecule, suggesting that
the dynamics of intramolecular rearrangements were also affected. AFM mea-
surements of DNAmolecules adsorbed to mica surface substantiated the signif-
icant reduction of molecular contour length in methylated DNA. By contrast,
the apparent bending rigidity of the surface-adsorbed methylated DNA was
increased, which is most likely caused by interactions between DNA and the
mica surface. In sum, methylation leads to an axial compaction of the dsDNA
structure, an increase in bending flexibility in the low-force regime and an
increase in axial compliance at higher forces (>20pN). Conceivably, modula-
tion of DNA structure and nanomechanics caused by methylation leads
to a complex control of structural accessibility and association kinetics of
DNA-binding proteins.
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One focus of our research is to select polycations to deliver oligonucleotides
into the cell for the control of gene expression. In this work, we report on the
interaction of poly(ethylene glycol)-b-poly-L-lysine (PEG-PLL) copolymer
with a variety of DNA molecules. Specifically, three PEG-PLL copolymers
with similar PEG segment but different length of the PLL chains were used
to interact with DNA duplexes as a function of duplex length. A combination
